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PREFACE. 



A GREAT portion of the following contribution to- 
wards a rational system of Therapeutics, was pub- 
lished in the Lancet during the months of October 
and November, 1871. Since that time I have 
received so many complimentary communications 
from my fellow-workmen, at home and abroad, 
that I venture to print it in a separate form, with 
the hope that it may assist, be it in never so small a 
degree, to establish therapeutics on a scientific and 
rational basis. To render it perfectly intelligible, I 
have been obliged to supply some prefatory obser- 
vations on the structure and functions of the sym- 
pathetic system of nerves, for on such anatomical 
and physiological facts my theory is founded. The 
anatomical part of the subject I have carefully 
pursued myself, and have seldom failed to trace 
three kinds of nerve-fibres to every sympathetic 
ganglion that I have examined. The physiological 
experiments I have culled from sources which, I 
trust, will be accepted as perfectly trustworthy. 
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FIRST PART. 



ON THE STRUCTURE OF THE SYMPATHETIC SYSTEM OF 

NERVES. 

The studious research which has occupied the minds 
of many physiologists of late years, relative to the 
special fimctions of the sympathetic system of nerves, 
has induced me to enter the list of inquirers ; and 
although I can only claim, as a qualification for the 
task I have undertaken, a somewhat extensive course 
of dissection, not only of the himian subject but of 
the lower animals, together with the possession of 
numerous facts accumulated by the observations of 
others, and which I have in conmion with every 
physiologist, I venture to offer such generalisations 
as will, I trust, lead to more positive knowledge 
than we now possess. 

In the first place, I have long thought that there 
is great significance in the fact that every sympa- 
thetic ganglion is connected with both motor and 
sensory nerves, as well as with its own special nerve- 
fibres (the so-called nerves of Remak). 



Thus the superior cervical ganglion, in addition 
to the fibres of tlie sympathetic proper, receives 
branches from the three or four upper cervical 
nerves ; one branch from the hypoglossal, one from 
the pneumogastric, and one fiMDm the glosso-pha- 



Ita affiliated ganglion, the petrosal, has a branch 
given o£F to it from the facial nerve, and one from 
the glosso-pharyngeal. 

When the carotid ganglion exists in the cavernous 
sinus, it invariably receives a branch from the sixth 
nerve, and one from the vidian nerve, proceeding 
from Meckel's ganglion. 

The lenticular ganglion has a communicating 
branch from the motor oculi (the third), and one 
from the nasal branch of the ophthalmic nerve. 

The geniculate ganglion (an expansion of the 
portio intermedia of the facial nerve) is connected 
with the vidian and facial nerves, with the spheno 
palatine branch of the fifth, and with the lenticular 
and otic ganglia. 

The otic ganglion receives a branch from the 
motor branch of the inferior maxillary nerve, one 
from the facial, and one from the glosso-pharyn- 
geal. 

The spheno-palatine ganglion, or the ganglion of 
Meckel, communicates with the facial nerve, tlirough 
the intervention of the vidian nerve, and with the 
superior maxillary nerve. 

The submajdllary ganglion has a communicating 
branch from the hypoglossal and chorda-tympani 
combined, and one from the gustatory nerve. 

The middle cervical ganghon receives combined 



motor and sensory nerves from the second, third, 
fourth, fifth, and sixth cervical nerves. 

The inferior cervical ganglion has also communi- 
cating with it branches from the seventh and eighth 
cervical and first dorsal nerves ; it acquires branches 
hkewine from the phrenic and lower laryngeal or 
recurrent nerves, tho latter consisting of sensory 
fibres from tho vagus. 

The cardiac ganglion is formed by the cardiac 
nerves from opposite sides, which contain fibres 
from the cerebro- spinal system ; also by branches 
from the main trunk, and from tho recurrent division 
of the pneumogastric. 

Each of the thoracic ganglia receives two com- 
municating branches from the corresponding spinal 
nerves. 

The semilunar ganglia are formed chiefly by the 
great splanchnic nerves, the phrenic, and the pneu- 
mogastric nerves. 

The renal gangha receive compound branches 
from the lesser splanchnic and the lumbar nerves, 

The lumbar gangUa have each two communi- 
cating branches from the spinal nerves. 

Finally, each of the four pairs of sacral ganglia, 
and the terminal ganglion on the coccyx, receives 
two communicating branches from the spinal nerves. 

The same combination of motor and sensory 
nerve-fibres obtains in every plexus formed by the 
I sympathetic system. They are not very abundant, 
I however, in the mesenteric plexuses, but they exist 
I nevertheless. In the hypogastric plexuses they 
abound, as they do in the pai-otidean plexus, like- 
wise in the inferior mesenteric and uterine, which 
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receive two or tliroo branches each from the sacral 
nerves. 

It will be observed that in many instances moro 
than one nerve of the same kind — either motor or 
seosory — go to a single ganglion, and it is doubtless 
for the purpose of conveying as many influences, 
and not for the purpose of accumulating the same 
kind of nervous activity. Tliis proposition has 
been strongly insisted on by M. Claude Bernard. 

An interchange of fibres takes place between each 
pair of ganglia in the main cords of the sympathetic 
system and the corresponding spinal nerves. White 
nerve-fibres proceed from the spinal cord to the 
ganglia, and grey nucleated fibres proceed from the 
ganglia to the spinal cord ; and it has been shown 
by Kiilliker that in man and the liigher animals, 
more grey fibres pass from the ganglia to the cord 
than white fibres from the cord to the ganglia. He 
also confirmed an observation made by Dr. Beck, 
that the grey fibres give off minute branches to the 
bloodvessels in their passage to the cord. The 
remaining branches have been traced by Miiller both 
to the anterior and posterior roots of the spinal 



It is this interchange of fibres, probably, which 
determines the position of the principal sympa- 
thetic ganglia in the immediate vicinity of the 
spinal cord. 

Each ganglion consists of cellular and fibriform 
substances, surrounded by a comparatively dense 
tissue, which is a continuation of the so-called sheath 
pf Schwann. 

The structure of the ganglionic cells has been 



^^P careiiilly studied and described by Dr. Lionel Beale 
^^1 as possesHing the same general character in all 
^^m animals.* 

^^M The substance of the cell consists of more or less 
^^1 granular material, and near the fundus there is a 
^^M large circulai- nucleus, with its nucleolus. The size 
^^M of the cell, with its investing membrane, which is 
^^M also a continuation of the sheath of Schwann, is 
^^M about tlie 0*060 of a millimeter in diameter ; the 
^^M granular matter may have a diameter of about 
^^B 0-030 of a millimeter ; the nucleus of about 0-013 ; 
^H and the nucleolus of 0-002. 

^^M In the centre of each cell the granular matter 
^^1 gradually assumes the form of a nerve-fibre, which 
^^M projects to constitute a process or pole of the cell, 
^^M and is continued outwards in the form of what 
^^B Dr. Lionel Beale has called the straight fibre. At 
^H the circumference of the cell the granular matter 
^^B also assumes the form of a nerve-fibre, and projects 
^^1 in close proximity with the pole of the straight 
^^M fibre, around which it winds in a spiral manner. 
^^M These latter, or spiral fibres, according to Beale, 
^^P after having surrounded the straight fibres, are 
I continued in a direction parallel with them for a 

short distance, but eventually turn and take a com-se 

I diametrically contrary to that taken by the straight 
fibres. Both straight and spiral fibrils can be shown 
to be continuous with the gi-anular matter of wliich 
the body of the cell is composed. 
In the sympathetic ganglia, both multipolar and 
unipolar cells exist, each cell appearing to be a mere 
enlargement of the axis-cylinder of the nerve. In 
* rhiloBophiual TranaactLous, 1863, vol, diii. p. 539. 
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other words, each single cell is the origin or starting 
point of one or more nerve-fibres ; for as a cell may- 
contain many nuclei and nucleoli,* each nucleus 
originating a primitive fibre, as many fibres may 
start from that cell, be it unipolar or multipolar, and 
run into a bundle of other fibres proceeding from 
other cells. 

On emerging from the ganglia the nerve-fibres 
have a very complicated and intricate arrangement ; 
but it 19 enough for our purpose to be certain of the 
continuity of the several nerve-fibres with the uni- 
polar or multipolar cells. Dr. Beale, in the paper 
above referred to, asserts that nerve-cells are always 
connected with nerve-fibres ; and Max Schultz en- 
dorses the fact by the statement that the processes 
of cells are nerve-fibres, as was first observed by 
Remak in the vertebrata, and by Helmholtz among 
the invertebrata.f 

Valentin and Bidder originated a doubt relative 
to the nature of the so-called grey fibres ; Bidder 
supposed them to be a variety of areolar tissue, but 
they are now generally accepted as nervea, and are 
recognised as such under the several names of 
nuclear fibres, fibres of Eemak, non-medullated 
BjTnpathetic fibres of Max Schultz, and gelatinous 
fibres of Henle. 

Remak, in his essay on multipolar cells, maintains 
that these bodies in the main cords of the sympa- 
thetic become continuous, by means of their caudate 
processes, with the axis-cylinders of both the broad 

• Human and Comparative Ilistology, by Strieker, translated by 
Mr. H. Powdr for tlio New Sydenham Society.— General Characters 
of Nervous TisBue, by Max Schultz, p. 176. 

t Ibid. p. 174. 
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and fine cylindrical white nerve-fibres, and with 
the gelatinous grey fibres. It may, therefore, be 
affirmed that every form of nerve-fibre in the ganglia 
is connected and coutinuoiw with the ganglionic 
cells. 

Every ganglion thus possesses all the elements of 
a nervous centre, and the researches of physiologists 
I tend to confirm the inference that such, in effect, is 
I the case ; and that each, in its own sphere, is 
I capable of receiving, transmitting, originating, and 
i reflecting impressions on which the licaltliy func- 
tions of the organs to which its nerves are sent 
depend. 

The question relative to the manner in which 

nerves terminate is an exceedingly interesting one ; 

and if the sympathetic nerve-fibres could be un- 

I equivocally traced to the special tissues wherein 

they end, a fair inference might be drawn as to 

their function. Some have been followed to their 

peripheral extremities by Dr. L. Beale, and he 

has described them as distributed over the walls of 

I vessels. Dr. Tyson, of Pennsylvania, has endorsed 

I his views ; and Professor Ebertb, of Zurich, has 

I demonstrated the presence of nerves in the coats of 

I all vessels, the capillaries excepted, oven in the 

\ timica adventitia of the non-muscular veins of the 

I pia mater. And these, be it observed, partlif con- 

Xeisiing of dark-edged, and partly of pale fibres, which 

[break up after they have penetrated the tunica 

I adventitia into a fine net-work.* 

There can be little doubt, however, that the sym- 
[ pathetic nerves also stand in intimate relation to the 

* Strieker, op. ctti, vol. i. p, 266. 
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secreting cells of glands. Their distribution in t 
Balivaiy gland has been described by Pfliiger.* In 
this organ the dark-edged or meduUated nerves 
constitute the greater number and accompany the 
salivary tubes, perforate the membrana propria, then 
divide into innumerable fibrda, each of which 
becomes continuous with a saUvary cell. The palo 
or non-medullated nerves are composed of extra- 
ordinarily fine fibrils, each of which is continuous 
with the fibrillated substance of the epithelial cells. 

The axis-cylinder which invests these pale fibres, 
is found to be continuous with the membrana 
propria. 

Such being the anatomical relationship subsisting 
in the so-called sympathetic system of nerves, much 
circumspection is necessary in drawing conclusions 
from experiments, seeing that the cerebro-spinal 
nerves are intimately commingled with the nerves 
of Remak, all running parallel to each other. 

I may observe, incidentally, that such compound 
nerves appear to fulfil all the conditions which are 
said to be necessary for what is called electro-tonus 
(a state wliereby one nerve is rendered active by the 
activity of another in close proximity with it), and 
many phenomena which I may have to adduce seem 
to point to such influence ; but I shall endeavour to 
confine my remarks to such experiments and obser- 
vations as have reference to single nerves only. 

This, however, can be done in no other way than 
by comparing the phenomena induced and presented 
by the cerebro-spinal nerves alone, with such other 
phenomena as are produced by the special agency of 

• Strieker, vol. i. pp. 433—148. 
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the fibres of Remak, and by investigating in wliat 
respect the mode nf action of the one set differs 
from that of the other ; for we may assume that 
Nature is too good an economist to endow the fibres 
of one with attributes possessed by the other, when 
included in the same nerve. 

It is very probable that all may bo in some degree 
modified, and it is difficult to conceive why the 
ganglionic ceUa are the connecting media between 
the three sets of nerves, if some change of function 
be not the result. In illustration of this, the sensory 
nerves appear to lose much of their peculiar sensi- 
bility, as we recognise it in theii- ordinary impres- 
sions on the brain, when they proceed from an organ 
to a ganglionic centre of the sympathetic system ; 
and if so, it follows that, by virtue of the reciprocal 
action which sensitive and motor nerves exercise on 
each other, and on the organs to which they are 
distributed, the motor fibres must be invested with 
properties derived from the modified sensitive 
nerves. 

What, then, is the special function of each dif- 
ferent form of nerve-fibre respectively which goes 
to or proceeds from every ganghonic centre ? 

With the view to an explicit answer to this ques- 
tion, the most obvious method is to select from the 
three forms of nerve-fibre the single one which is 
invariably associated with a peculiar phenomenon, 
and without which that phenomenon does not occur. 
The logical " method of diff'orence," in effect, is that 
which I shall endeavour to pursue. 




ON THE FUNCTIONS OP THE SYMPATHETIC SYSTEM OF 
NERVES. 



In M. Claude Bemard'a experiments on tho sympa- 
thetic nerves, the results of which he communi- 
cated to the French Academy,* the interesting fact 
was educed, that whenever the sympathetic nerve 
in tho neck of a rabbit is divided, an elevation of 
temperature occurs in the tissues on the correspond- 
ing side of the head, amounting to 7° Fahr. when 
contrasted with the iminjured side. This increase 
of heat was plainly perceptible by the hand, and 
admitted of accurate moasm-cment by the introduc- 
tion of the bulb of a thermometer within the nostril, 
or into the external auditory meatus. The whole 
body shared, to a certain extent, in this develop- 
ment of heat, and exhibited evidence of a tempera- 
ture exceeding the natural standard ; but it was 
most evident on the side of tho neck where the 
sympathetic had been divided, and least so on the 
opposite side where it had been left uninjured. The 
mercury rose to 73° Fahr. on the affected side, but 
only to 68° on the uninjured side. Nor was this 
elevation a transitory phenomenon, for it continued 
with remarkable steadiness until the animal was 
killed, and even after death the side of the neck on 
which the experiment was practised was the last 
part of the body to lose its vital heat. In some 
other cases the increased heat disappeared, but in 



* Comptes EencluB, vol. ) 



'. p. 472. FeTTier, 1852. 
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I /ho instance was there oedema, nor any morbid pne- 
' yQomenon resembling inflammation. 

In addition to the above phenomena, M. Bernard 

subsequently noticed an increased temperature of 

the cerebral homisphereB, as well as of the blood 

itself in the internal jugular vein on the side in 

which the sympathetic nerve had been divided.* 

1^^ SchifF has repeated these experiments, and infers, 

^^K from precisely the same results, that aciive dilatation 

^^H is a function possessed by blood vessels. 

1^^ Dr. W. Ogle communicated to the Royal Medical 

and Chirurgical Society the history of a suppurating 

tumour in the neck of a man, which produced a 

lesion equivalent to a division of the cervical sym- 

pathetict In this case the ear on the affected side 

^^_ was redder and warmer by two degrees Fahrenheit> 

^^■than tliat on the opposite side, and there was a 

^^V total cessation of cutaneous secretion on the right 

t [affected) side of the face, head, and neck, although 

the skin of the right cheek was pinker than that of 

I the left. 
We may infer, then, that the disseverance of the 
minute arteries from, the influence of the nerves of 
Remak is productive of increased vascularity, and 
an elevation of the temperature of the parts so dis- 
connected. 
M. Claude Bernard exposed in a dog the gusta- 
tory nerve, the chorda tympani (before they receive 
communicating branches from the lingual nerve), 
and the submaxillary ganglion. Having thus before 
him a sensory nerve, a motor nerve, and a gangho- 



I 



U^moirea de la Sooi^tf de Biologic. 1853. 
t Medico- Chirurgical Tranaactions, vol. lii. p. ISl. 
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nic centre, he divided the gustatory nerve, and the 
secretion from the gland was immediately stopped. 
He then pinched the centripetal end of the cut 
nerve which communicates with the brain, and a 
large quantity of saliva was secreted, whilst the 
ducts of the parotid and sublingual glands remained 
dry.* Ho subsequently varied the experiment by 
cutting the chorda tynipani, leaving the gustatory 
nerve intact, and secretion immediately ceased, as 
in the first experiment. He then inserted a tube 
into the Whartonian duct, and communicated a 
weak current to the peripheric end of the divided 
nerve. Every time that this was done, a drop of 
saliva was seen to fall from the tube. Thus secre- 
tion was arrested by section of the tympano-lLagual 
nerve, and reproduced by the stimulus of electricity 
communicated to its distal extremity. When ap- 
plied to the centripetal end of the divided nerve, 
the electric current had no effect. 

These experiments supply us with something like 
evidence, from which to infer that secretion may bo, 
in some way or other, dependent on cerebro-spinal 
influence, modified, as I have before suggested ; and 
as the nerve-current of a sensitive nerve, on which 
the first experiment was performed, is centripetal, 
the irritation of pinching the central portion of the 
cut nerve could only be conveyed to the gland by 
the reflex action of the returning motor nerve. 
Whereas when the chorda tympani was divided, 
secretion was re-established by communicating an 
electric current through the peripheric end of the 
nerve. But the electric current has no effect when 
• Comptes Eendus, vol. xksjt. p. 474. 
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applied to the peripheric portion of a divided sen- 
sory nerve ; and wo are therefore warranted in the 
assumption that it is through the influence of the 
motor nerve that secretion is re-established. 

Something more, however, ia suggested to the 
mind by the fact of the ducts of the parotid and 
sublingual glands remaining dry, whilst the Whar- 
tonian duct poured out saliva; and that is, that 
every gland stands in relation to a special act, and 
that its function is determined by a special and 
independent influence. 

If the facial nerve be divided as it passes out of 
the stylo-mastoid ibramen, the secretion of the 
parotid gland is but little affected. If, however, 
the facial be divided at its origin, inside the skull, 
secretion, both from tho parotid and submaxillary 
glands, is abolished.* There is something, there- 
fore, between the origin of the facial nerve and 
the stylo-mastoid foramen, to which such arrest of 
secretion is due. It cannot be the facial alone, for 
its ablation has but Httle effect, either on the parotid 
or submaxillary gland. Neither can it be the 
chorda tympani alone, for section of that nerve does 
not influence the parotid secretion, but stops that of 
the submaJtillary. But the division of the facial 
nerve in the hiatus Fallopii involves the resection of 
the portio intermedia of Wrisberg, which expands, 
in the Fallopian canal, into the geniculate gangUon. 
Thus we have an indication that the secretion of 
the parotid is dependent on a ganglionic centre. 

If the facial nerve be left noinjured, and the nerves 

Neiraiuc. 



Lefons sni la FhyeiologLQ et la Pathologie du SyeUi 
M. C. Bernard. Tome ij. p. 154, 155. 
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of Remak (which proceed from the superior cervical 
ganglion to be distributed to tlio ramifications of 
the internal maxillary artery) arc cut, the secretion 
of saliva goes on more abundantly and continuously. 
It has also been observed that, when the floor of 
the fourth ventricle ia slightly wounded in the im- 
mediate vicinity of the nuclei of the fifth pair of 
nerves, well-marked salivation from the parotid 
glands is set up. If the wound be in the mesial 
line, ptyaliam is induced on both sides ; but if the 
woimd be on one side, then the increased secretion 
ia occasioned in the parotid of the opposite side.* 

The results of these experiments are strictly in 
accord with those on which I have already com- 
mented ; arrested secretion by section of the motor 
fibres of the vaso-motor nerves, increased secretion 
by section of the fibres of Remak, and increased 
secretion by excitation of the sensory nerves. 

M. Claude Bernard divided the sympathetic in 
the upper part of the dorsal region of a horse ; a 
greatly increased vascularity was the immediate 
result, and the corresponding parts of the surface 
were bathed in sweat, t 

He also found considerable distention of the peri- 
cardial vessels, and serous exudation from them, 
after injuring the cardiac ganglia of the sympathe- 
tic. This experiment was I'cpcated and verified by 
Schiff, and Remak explained the phenomena by the 
assumption that when the bloodvessels are deprived 
of the inhibitory influence of the sympatlietic nerves 
proper, they dilate and allow blood-corpuscles to 

• Medical Times and QasdU, 1860, p. 362. 
t Ibid. 1861, p. 544. 
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penetrate into those minute arterioles, through 
which blood-plasma only should be propelled.* 

On Injuring the solar plesua, or on dividing the 
main trunks of the sympathetic, Budge ascertained 
that the circulation of the blood in the liver is 
increased, and the secretion of bile augmented, and 
in two cases he found the liver itself enlarged. On 
extirpating the mesenteric plexuses in rabbits, the 
faecal pellets became so soft that none of the ordi- 
nary rounded masses were found in the rectum. 
The fseces were pulpy, and covered over with a 
slimy mucus."!" ^- Claude Bernard extirpated the 
semilunar ganglia in a large shepherd's dog, and 
observed the same results.J 

JaschJiowitz, by dividing the sympathetic nerves 
of the spleen in cats and dogs, caused an increased 
flow of blood to that organ, and a copious deposit of 
hsematin pigment in its cells.§ 

In the experiments instituted by Bernstein on the 
pancreas, he discovered that, notwithstanding the 
absence of secretion in that organ during fasting, 
on dividing the sympathetic nerves going to it, a 
continuous flow of pancreatic fluid Is produced.|| 
The originating power of the ganglionic centres is 

■ The ulterior stages of inflammation have been atill further ex- 
plained by Waller, Roichor, Cobnioira, and Strieker, by the proposi- 
tion tbat pus-corpusdea are notbiiig but the coIoutIbbb blood-corpuscles 
filt«red from the blood through the walls of capillary vessels. In a 
Tory elaborate paper contained in Virchow'B Archiv, for September, 
1867, Cohnheim demonatrafas tho truth of this proposition by exciting 

flammation in the peritoneum of frogs. 

t Noya Acta, Acad. Cffls. Leop. Cor. Nat. Cur. 3cbt. p. 257, 1860. 

t Lemons ear la Fhysiologie et la Fathologie da Byst^me Nerraux. 
Tome ii. p. 522. 

§ Jascbkowitz de Disciaionis Plexue Lienalis efficitate in Lienem. 

II Sachs Akad. Sitzucgberichte Uath. Fbys. Class, 1669. 

B 2 
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licated by the fact, that when secretion is thus 
artificially produced, it is not an-csted by placing 
the animal under the influence of woorara. The 
special relation, moreover, in which the action of 
the pancreas stands to the digestion of food, increas- 
ing immediately after a meal, attaining its maxi- 
mum about three hours after, and then gradually 
diminishing,* shows the local centrahsation of ner- 
vous influence. 

The structure of the kidneys is almost suggestive 
of the function of each component part. 

The Malpighian tufts, ^nd the special capillaries 
surrounding them, shut up within the Malpighian 
capsules, in which there is but little of epithelial 
cell structure, exhibit the most perfect contrivance 
for that simple and independent filtration of fluid 
which is known as exosmose — a simple outpouring 
of the watery part of the blood into the capsules, to 
flush, as it were, the tortuous tubuli uriniferi in 
front. 

The cortorted tubuli, surrounded by their special 
capillaries, to which the ultimate fibres of the renal 
plexus have been traced, and constructed of base- 
ment membrane, lined with the rounded, glandular 
variety of epithelial cells, indicate a secretory struc- 
ture; and here, undoubtedly, it is that the salts 
which characterise the urine are eliminated from the 
blood. 

Section of the splanchnic nerves, as performed by 
Eokhardt, induces hyperasmia of these latter capil- 
laries, albuminuria, and increased renal secretion ; 

* Arbeiten aus der PhyBiologischen Anfllaltzen. Leipzig, Vierter 
JahrgSDg, 1869. 
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and Dr. James Tyson, of Pennaylvania, has shown 
that by section or stimulation of the gangliatcd 
nerve-fibres, tho tenninations of which he has traced 
to the minute vessels surrounding the contorted 
tubuli uriniferi, he produced either distended Teasels 
and an abundant secretion, or a diminished and 
slower blood-current, and a corresponding secretion. 
The question as to which of the three forma of 
nerve-fibres it is that is subservient to the special 
function of the secretory tissues, admits of a posi- 
tive answer. It cannot be tho fibres of Kemak, 
because when they are cut, secretion is increased ; 
neither can it be the sensory fibres, for they are 
centripetal nerves, and their influence can only be 
of a reflex character. The motor fibres are those 
only which, going to a gland, cannot be cut without 
destroying secretion ; and those fibres, therefore, 
must be the cause or condition of the phenomenon. 
The sensory nei-ve-fibres may endow the secretory 
cells with their vital sense, as exemplified in Bern- 
stein's experiments on the pancreas ; but the motor 
fibres must be immediately concerned in supplying 
blood for increased secretion. 

I The following case is illustrative of my inference : 
R. de L , aged forty-three, presented herself at 
the Infirmary for Epilepsy and Paralysis, in Jidy, 
1869, complaining of spasm of the muscles supplied 
by the facial nerve on the left side. Some two 
years before she had a severe headache, after which 
she awoke one morning with her mouth drawn to 
the left side, with a feeling of stiflhess, but no 
aneesthesia. From that time any extraordinary 
action of the muscles of the face induces a contrac- 
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tion of the tuccinator, masseter, digastric, stylo- 
hyoid, and orbicularis palpebrarum muscles. The 
act of sneezing, gaping") or blowing her nose, "will 
produce this spasm, which continues for five or six 
minutes, when the face regains ita tranquil appear- 
ance. She has occasional dyspncea, a copious flow of 
saliva from the left parotid gland, and the left side of 
the face and head often sweats when the right does 
not. 

The result of all similar experiments upon every 
secreting organ in the animal body, is such as I 
have described, and the inevitable inference is, that 
without the motor nerve-fibre of the vaso-motor 
nerves, secretion does not take place. 

Let us now inquire — What is the agency or in- 
fluence of the sensory nerve-fibres in the sympa- 
thetic system ? 

When any pungent substance, such as mustard, is 
placed in the mouth. It produces laerymation, and 
an increased flow of saliva. Such increment of 
secretion results from the application of any excitant 
to the extremities of the sensitive nerves, which 
emanate from glandular organs. Professor Ludwig 
has afiirmed that the augmented exudation is owing 
neither to contraction of the muscular elements of 
the glands, nor to a change in the pressure of blood 
in the organs, but apparently to the simple influence 
on the secreting tissues ; that a stimulus to secretion 
is set up, not by any direct influence on the blood- 
vessels, but by an incitement set up in the secreting 
glandular tissue. This may be a refinement on a 
physiological definition ; for it is diflicult to conceive 
how secretion can be efiected without a correspond- 



ing increase of vascular action, but it is the expres- 
sion of an ideal reciprocation of tissue with tissue, 
which ia suggestive of spontaneity. A reciprocity, 
according to Stilling, between sensory and vaso- 
motor nerves. 

The act of blushing is an apposite instance of the 
correlation of sensitive and vaso-motor influences. 
But paralysis of the sensory nerves, although it may 
diminish, does not stop vascular action ; or, on tho 
occurrence of anjesthesia, gangrene should super- 
vene in the parts deprived of sensation. The ten- 
dency to such destruction may exist by virtue of 
the response given by the motor nerves to those 
which are rendered insensible, and, therefore, of 
the loss of balance between the incentive and 
restraining forces which act upon the bloodvessels. 
More than forty years ago M. Majendio observed 
that after division of the trigeminus in reptiles, 
which resist the fatal Influence longer than do the 
mammalia, the side of the face on which the section 
is made, did actually become gangrenous. 

Paralysis of the trigeminus, however induced, 
causes anaesthesia of the face and scalp, injection of 
the eonjunctivEe, loss of secretion of the lacrymal 
glands, leucoma, and ulceration of the comeae. A 
case of this kind is reported by Dr. Althaus, in the 
fifty-second volume of the " Medico -Chirurgical 

Transactions." In that instance there was also a 

^^L continuous rushing noise in the head, an abundant 
^^1 discharge of acrid mucus from the nose, and a 
^^m copious buccal exudation, although the secretion of 
^^1 healthy saHva was arrested. 
^^1 It is a curious fact, and a very interesting one 
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that the section of a sensitive nerve is very apt to 
be followed by a pseudo inflammation in the parts 
to which the peripheral extremities of that nerve 
are distributed. Professor Graefc has abundantly 
proved that such apparent inflammation in distant 
parts is very apt to follow the section of a sensory 
nerve, by wliich those parts are supplied. He 
asserts, that in operations on the eye, Inflammation 
is not so apt to occur when the ophthalmic nerve is 
left uninjured, as when it is cut. According' to the 
view here taken of the special function of the sen- 
sory sympathetic fibres, it is reasonable to suppose 
that the phenomenon is due to a loss of tonicity of 
the walls of the capillary vessels, owing to a sus- 
pension of the inhibitory influence of the vaso- 
motor nerves, and that blood-corpuscles may thus 
penetrate into minute vessels, where only blood 
plasma, nutritive fluid, or effete matter should be 
carried to the surface. 

It is this pecuKar nerve influence, modifying 
indirectly the nutrition of organs, which has given 
rise to the idea of trophic nerves ; and in all eases 
the nerves so impKcated are sensory nerves. Their 
action is exemplified in gastrodynia and dysme- 
norrhcea, in which they induce an increased flow of 
mucus, but in both diseases the pain is referable to 
nervous irritation, and independent, as Ludwig 
would have it, of vascularity of the secreting mem- 



Many Instances are on record in which the so- 
called trophic nerves have manifested their influence 
on the nutrition of parts after accidents, by which 
the sensory nerves of those parts have been divided 



Three cases of the kind are related 
by Mr. SimoD in Ilolmes's System of Surgery.,'* and 
I one haa been described by Mr. Nunn,"|' in which the 
I ulnar nerve was divided in a boy. The tempera- 
I ture of the hand fell to 10" Fahrenheit below that 
I of the sound side, and the muscles supplied by the 
I divided nerve were wasted in the course of two 
months to one-third of their former bulk. The 
London Hospital Reports for 1866 contain the 
details of seven cases of a like nature, and Dr. John 
Ogle describes a case of disease in which the sym- 
pathetic must have been imphcatod, and a changed 
condition of the vital attributes in the parts ensued, J 
I which, as in all the other instances, manifested itself 
a long time after by a lowered temperature, a 
defective nutrition, and a disposition to textural 
degeneration. 

I adduce these cases to illustrate the apparent 
I paradox of correlations, yet dissociation of cerebro- 
I spinal and vaso-motor nerves. 

All these phenomena are necessarily induced by 
I reflex action, either through the cerebro-spinal axis 
I or the sympathetic ganglia ; and according as the 
I afferent nerve is excited or rendered apathetic, may 
I it either exalt or depress the functions of the ner- 
vous centres upon which it acts. On this theory 
Dr. Handfield Jones and Mr. Lister§ explain the 
distant effects of morbid changes. 

In the foregoing experiments, the effect of section 



' VoL i p. 36. Second Edition. 

t Pathological TranBactions, 1866. 

t Medico -Chirurgieal Traneactiono, Tol. xli. 21at case. 

S Britiih Medical Journal, Febmaiy Stb, 1859. 



of the fibres of Eemak has been shown, in order to 
judge of the resulting action of the motor and 
sensory elements of the sympathetic system ; and it 
is obvious that in all cases the attributes of the 
sympathetic proper are the rery antitheses to those 
of the cerebro-spinal nerves. But as the sensitive 
element exerts its immediate influence on the ner- 
vous centres only, and tho motor portion of the 
ganglionic centres on the peripheric tissues, it may 
be asserted that the latter and the fibres of Kemak 
are antagonistic in their action. 

Accordingly it is found that the section of the 
motor nerve of a gland produces precisely the same 
effects as stimulation of the corresponding sympa- 
thetic branch ; and, vice versa, that section of the 
sympathetic has the same effect as stimrJation of 
the motor branch, both pointing to the fact which 
M. Claude Bernard has enunciated — that the nervous 
filament which presides over the functions of a gland 
is always from a motor nerve.* 

I infer, therefore, that the special function of the 
sensory fibres of the sympathetic is to communicate 
a stimulus to the secretory glandular tissue, to give 
an organic or vital sense to those tissues, just as the 
muscular sense is conveyed from the muscles to the 
nervous centres to communicate a stimulus to mus- 
cular action. In other words, it is through the 
indirect influence of the sensory nerves that the 
vital phenomenon of secretion is induced, but by 
the direct operation of the motor-nerve fibres. 

To what paxticular tissues, then, and to what 

* Mtdioai Tima onii Oazetle, 1861, p. 645. Lectures on the Spinal 
Oord. 
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special fimction, are the gym pathetic nerves proper, 
or the fibres of Remak, subservient ? 

Their actions are undoubtedly complex, yet I 
hope to show (and I cannot discover from physiolo- 
gista that I am mistaken) that those actions are 
confined to the muscular coats of vessels only, and 
that their function is chiefly to control the act of 
nutrition. 

I have had occasion to refer to the researches of 
Dr. J. Tyson on the modes of distribution of nerves 
to minute arteries, and he has shown how the 
primitive fibriUaa of nucleated nerves are disposed 
upon the arterioles, which are distingmshed by 
transverse nuclear marking^s — probably tlie con- 
tractile elements — and how other strands of naked 
axial fibres, on the uriniferous tubes of the kidneys, 
gradually become surrounded with a medullary tunic, 
and then with the tunic of Schwann, to constitute 
nerve-fibres which he believes to bo sensory or 
afferent nerves, convoying to the centres an impres- 
sion, the response to which is transmitted to the 
efferent nerves, or those which terminate on the 
transverse marks of .the arterioles, whereby they 
contract or dilate their calibre. Such is the probable 
disposition of the grey fibres on the coats of vessels. 

As before observed, I have anticipated experi- 
ments on the sympathetic fibres to show the 
behaviour of the motor fibres without them ; and in 
every instance in which the former have been 
divided, an increased vascularity, an elevated tem- 
perature, and an augmented secretion have resulted. 
Another curious and instructive phenomenon 
occurs when the blood is thus transmitted in a pre- 
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tematural quantity through tlie capillarios — the 

venous blood imincdiatelybecomes brighter in colour. 
K. C. Bernard observed this fact in the coronary 
veins on the left side of the lip of a liorae after he 
had divided the left cervical sympathetic* 

Now, the application of a -weak electric current to 
the peripheric end of the divided sympathetic 
reverses all this. The calibre of the distended 
capillaries is quickly reduced; the temperature is 
lowered, and may be depressed below the existing 
degree in other parts, and secretion is diminished. 
If the power of the current be increased, the circu- 
lation may be entirely arrested ; so that, if examined 
under a microscope, the capillary vessels will seem 
to be completely empty.f Such is the invariable 
result of stimulation of the nerves of Remak on the 
capillaries ; and MM. Valentin, Henle, and Budge 
have observed that the large blood-vessels contract, 
when acted on by galvanism, through the medium 
of the grey nerve-fibres which are suppHed to them. 

It appears, therefore, that all the conditions of 
healthy circulation and secretion are fulfilled in the 
reciprocal action of the three forms of nerve-fibres. 

Make a section of them all, or cut away — say the 
renal of plexus — and all secretion of urine is 
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Increase the relative power of the motor nerve- 
fibres, by section of the nerves of Eemak, and you 
establish a hyperemia round about the Malpighian 
tufts, and diuresis. 

Increase the relative power of the ncn-es of 

* La Clinique Europ., 1859 ; No. xxix. p. 282. 
t Medkol Timet and Otwrfte, 1861, p. 543 : M. Clftudo Bernard oa 
the Spmcd Cord. 



II ■ 'Remak, by section of the motor fibres, and yon 
diminish circulation and secretion. 

k Increase the relative balance of power of either 
motor or inhibitory nerve-fibres, either by gently 
exciting the sensory nerves, or by painfully irritating 
them, and you have, in the first case, increased 
circulation and secretion, or, in the second case, the 
very reverse. 

PThe results of these experiments have their 
analogues in the phenomena which we observe in a 
case of cholera. 

During the stage of collapse there is a paralysed 

t condition of the whole ner\'0us system and suppres- 
Bion of urine, just as when section is made of the 
renal plexus. 
As the motor fibres of the ganglionic centres 
recover power, lacking, however, the influence of the 
sensory elements, they do not induce a healthy 
? secretion of the salts of the urine, but allow the 
escape of albumen from the blood — the first 
phenomenon, according to Schonhein, observed in 
diabetes — as when the nuclei of the pneumogastric 
nerves in the medulla oblongata are irritated. 

By degrees the sensory nerves recover power, and 
their influence is transmitted to the epithelial cells; 
imperfectly at first — for as yet they are unchecked 
by the nerves of Remak, and sugar is poured out 
with, perhaps, a small portion of urea, just as was 
observed by Eckhardt, when he divided the 
9 splanchnic nerves, from which the abdominal 
ganglionic centres chiefly derive their fibres. As 

I sugar appears albumen disappears. The slight 
impulse, also, given by the sensory nerves increases 
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the secretion of the aqueous component of theurino, J 
just as it is increased in diabetes. 

At last the restraining nerve power of the ^ 
sympathetic proper is regained ; -when, as above 
stated, all the conditions of healtliy circulation and 
secretion are re-established. The sugar then gives . 
place to urea, and the healthy secretion of urine. 

If all this be so, we have at once a solution of very 
many physiological and pathological phenomena, 
and, what is more, a clue to the rational treatment 



or many t 

Mr. Moore, in his interesting little treatise " On 
Going to Sleep," shows the one way only in which 
sleep can occur ; and that^ the action of the 
sympathetic fibres in diminishing the arterial current 
through the brain. One step more and we have the 
key to the convulsions of teething ; for MM. Schiff 
and Loven have shown that by irritating the peri- 
pheric extremities of sensitive nerves a reflex, 
influence is produced on the vaso-motor nerves, 
inducing contraction of the capillaries ;* and, as 
MM. Kussmaul and Tenner have explained, con- 
vulsions-t They have demonstrated, moreover, 
that a suddenly induced anfemic state of the brain 
produces epdepsy ; and how frequently do both 
convulsions and epilepsy occur during sleep ! Yet 
another step in the arrest of circulation, and we have 
the pathological state which M. Eckhardt has pro- 
duced experimentally — namely, an over-irritated 
condition of the sensitive nerves reflected on the 



" Ludwig'a Arbeit, 1867, 

t Nature and Origin of EpUeptiform CoavnlsionB. 
Eaasmaul and Tenner (Nov Sydenham Society, 1S39). 



3-motor nerves of the spine, and reflex paralysis 

|A8 a consequence. It is M. Claude Bernard's experi- 

1 ffient on the sympathetic over again ; and I believe 

I this to be the most frequent, if not the only, imme- 

I diato cause of infantile paralysis, which, as far as I 

have been able to judge, is more relieved by the 

application of warmth, as a heal remedy, to the 

epinc, than by the stimulus of electricity. 

,' In the above forms of convulsions, Dr. Marshall 

' Hall's idea, that when the influence of the cerebrum 

is suddenly removed the augmented irritability is 

reflected back on the vaso-motor nerves and muscles, 

"would appear to receive confirmation, 

Heraicrania is said by M. Du-Bois Reymond, who 
has studied it on his own person, to ariae from 
spasm of the muscular coats of the arteries of the 
brain ; and M. Molendorff, although not agreeing 
altogether with Du-Bois Reymond, considers that it 
is dependent on an afl'ection of the cranial vaso-motor 



It is a well-known fact that hemlcrania is often 
attended with disturbance of vision, and it is also 
known that disturbed vision is sometimes the result 
of a diminished supply of blood to the brain ; and 
that nervous headache very often follows hsemor- 
rhage or other causes which induce a defective supply 
of blood to tlie entire brain, or to one side of it, and 
what more likely than spasm of the muscular coats 

I of the arteries ? 
Now the active state of organs is unquestionably 
the wasting state, and the quiescent condition that of 
restoration. During mental activity the brain ia 
charged with arterial blood, and in the glands the 
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active state is a state of congestion. During this 
period the venous blood flowing^ from those organs 
is of a bright red colour, just as was observed by 
M. Bernard in the venous blood of the left coronary 
vein in the lip of the horse, after section of the left 
cervical sympatlietic. 

The period of sleep is regarded by Mr. Durham* 
and Mr. Moore as the period of replenishing the 
brain, and during the state of quiescence in glands 
those organs recuperate themselves. Then it is that 
the cerebro-spinal system ia in abeyance, the fibres 
of Remak dominate, and the venous blood flowing 
from the organs is very dark in coloui-. 

Thus the brain is subject to the common law 
■which regulates the circulation of blood in other 
organs. AVhen their function is excited the circu- 
lation of blood is increased, when they are quiescent 
the circulation is less active ; and the Independence 
of the local circulation of blood in the cerebro-spinal 
centres has been accounted for by the presumed 
' gan glionic character of the arachnoid membrane of 
the brain and spinal marrow.f 

In the face of all these phenomena it cannot be 
doubted that nutrition chiefly is governed by the 
sympathetic nerves, whilst local independence is 
indicated by the local distribution of ganglionic 
centres, and proved by local vascularity during, 
functional activity. 

In illustration of these facte, I would observe that 
reflex actions of vaso-motor nerves are limited to the 



• Guy's Hospital Eeporta. 1860 : The Physiology of Sleep, 
t Medico-ChiniTgical Transactions, toL xadi., p, 6B1 : paper 
G. Eainoy, Esq. 
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particular organs or parte suppKed by those nerves ; 
whilst the reflex actions of ordinary sensitive nerves 
are manifested on both sides of the body ; thus 
showing that the first set of pfienomena have their 
centres in the sympathetic ganglia, and the latter in 
the spinal cord. 

When the salivary glands are stimulated by the 
act of masticating and by the savour of food, the 
blood-vessels of the glands become turgid, and the 
glands themselves injected. The contact of food 
quickens the circulation of the mucous membrane of 
the stomachj and causes it to become red and tume- 
fied. Again, — -during menstruation, a period of 
nervou3 sensibility, the whole uterus is congested ; 
the mucous lining throughout its whole extent is 
h3rpertrophied and of a pink colour, increasing in 
depth towards its fundus, where it attains a dark 
livid colour, and is covered over with a quantity of 
blood ; but the congestion does not extend beyond 
the uterus, the Fallopian tubes, and the ovaries.* 

TJiese local phenomena are but the expression of a 
general law, which is dependent on the distribution 
of tho ganglionic centres of the sympathetic system 
to every important organ of the animal body ; and 
If an additional proof be required that independent 
nervous centres exist for the purpose of regulating 
the local distribution of blood, I would adduce the 
fact that, although local functions may be disturbed 
by injuring portions of the brain to which the motor 
and sensory nerves are affiliated, those local 
functions are generally restored long before the 

' Pathological Transactioas, vol, xiii., p. 170: Profeeeor Ilarlay 
the Utema and its Appendages at the Catameuial Period. 
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•ain have had time to recover 

centres is obviously con- 
Ik^gaDs to which they 
Ofie distribution of the 
ganglia in all, animals from Echinodcrmata upwards ; 
and each ganglionic centre, I suppose, gives nurture 
and individuality' to its special out-going nerves, 
just as a modified soil may determine the quality of 
a sapling which has been protruded from the root 
of its parent tree. 

From the foregoing considerations I conclude that 
the sensitive nerves of every ganglionic centre 
impart au influence, which I would call the vital 
sense of an organ, affecting its histological tissues, 
without operating immediately upon its bloodvessels ; 
that the motor nerves, having their terminal fibres 
extended to the extreme ramifications of the arterial 
system, incite vascular action and secretion in 
response to the vital sense; and that the grey 
fibres of EeniEik, having a correlative ramification, 
restrain and regulate the stream of nutriment which 
is conveyed by the arterioles into the cell territory 
for secretion or assimilation. 

These tliree forms of nerves are capable of 
adjusting the healthy balance of circulation so long 
as they remain undisturbed by accident or disease. 

If I may be allowed to compare organic with 
inorganic things, I would represent the sensory 
nerve of every ganglionic centre as the steam of 
an engine, the ganglionic centre as the cylinder 
and piston rod, the motor nerve as the fly-wheel, 
and the fibre of Remak as the governors. 
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In concluding this part of my subject I will offer 
a few remarks on the pneumogaatric nerves. 

The nuclei from which the eighth pair of nerves 
derive their roots occupy the same tracts of grey 
nervous matter as do those from which every pair 
of spinal nerves originate ;* and as their source is 
analogous so also is their function, but being distri- 
buted to very important organs, and very diver- 
sified opinions being entertained concerning them, 
I may be pardoned for considering them apart 
from all other compound nerves associated with the 
sympathetic system. 

I need not dwell on the intercommunicating fibres 
between the several nuclei in the medulla oblongata, 
which associate the sensitive portions of the palate, 
the pharynx, the epiglottis, the larynx, and the 
respiratory mucous membrane, with the muscles of 
deglutition, of the voice, and of respiration ; nor 
is it necessary to allude to the phenomena which 
attend either the section or stimulation of the upper 
branches of the pneumogastric, whether motor or 
sensory; the result of such experiments may be 
predicated. Of tho vascular and cardiac branches, 
however, it is interesting to know that thoy are 
distributed exclusively on the surfaces of vessels, or 
round about the secreting cells of mucous surfaces. 
I Division of the pneumogastric nerves above tho 
I cardiac branches is always fatal, and in almost all 
cases death results firom an excessive congestion of 
the lungs, the capillary vessels being found in a 
dilated condition, and a bloody serum exudes from 

* Philosophical Transactions, vol. olTiii., I86S : On the Intimate 
Structure of the Spinal Cord find Brajn. By J. L. Clarke. 
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ttiem into the bronchiiil cells.* Tlie secretion of 
mucus is arrested, as wo are led to expect from 
corresponding results observed in all other cases, 
where the sensory nerve-fibres of a ganglion are 
destroyed, as those of the cardiac ganglion and of 
the minute pulmonary ganglia must be iu such an 
operation. 

It has been affirmed by some experimentalists 
that the division of the vagi paralyses the cesophagua, 
and arrests the secretion of gastric juice. The ex- 
periments of Waller on section of the vagus will 
explain how this may be the case ;f but many 
careful observers, such as Breechet, MuUer, Milne 
Edwards, Vavasseur, Holland, and Arnold, have 
asserted that the gastric juice continues to be 
secreted after section of the vagi.J 

An experiment of Bernard's, however, tends to 
explain the discrepancy, as well as to illustrate the 
fact that the vagi have an influence on the special 
vital sense of the stomach, and to associate its 
secretion with such influence as transmitted from the 
brain. Ho divided the two vagi of a dog which had 
a large fistulous opening through the parietes of the 
abdomen into the stomach, so that the interior of 
that organ could be seen. After the animal had 
fasted some time, when the stomach was empty, 
and its internal surface coated over with mucus, he 
removed the secretion by means of a soft sponge. 

• "Le9onasiirIaPhy8iologieet laPathologieduSyet^nieNurTaux," 
Par M. Claude Bernard, Tome ii. p. 520. 

t Comptea Eeudues : Waller on Section of the Spinal Eoota of the 
PneumogdBtric ahove the Inferior Ganglion, toI. xxxir., p. 582-587. 

t Dr. J. Reid : Cydopsedia of Anatomy aad Phyaoiogy, vol. iii., 
p. BOO. 
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No sooner was this done tlian the mncous membrane 
became red and turgid, and poured out large drops 
of gastric fluid, which trickled down its surface. At 
this moment the two vagi were divided in the neck, 
and immediately tlie membrane became pale, and 
the secretion — from being limpid and acid — became 
viscous, stringy, and alkaline.* 

Notwithstanding all this, the ordinary supply of 
blood to the stomach appears to be regulated by the 
semilunar ganglia, the ultimate fibres of which 
extend to the minute arterioles, which have their 
middle coat entirely composed of muscular tissue. 

These ganglia, and the coronary plexus of nerves 
proceeding from them, appear to be the expanded 
terminations of the splanchnic nerves, and the mul- 
tipolar cells with which they communicate. The 
right vagus terminates in the left semilunar ganglion, 
and thus contributes, with the sympathetic, to form 
the isolating centre wherein the attributes of nerve- 
fibres are so modified as to subserve the local 
requirements of the stomach. 

Guided by analogy, we may infer that norve- 

j fibres from the semilunar ganglion, after passing 

^^L through the gastro-hepatic omentum into the trans- 
^^B verse fissure of the liver to the coats of the vessels in 
^^K the capsule of Glisson, whither I have traced them, 
^^H terminate as other vaso-motor nerves do, and that 
^^H the terminal fibrils of the pneumogastric or sensory 
^^H nerves are distributed to the acini and biliary ducts. 
^^H It is in this cell territory that the ganglionic 

^^H nerves adjust the balance of circulation, whereby, in 
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the healthy liver, the eubstance which Dr. Pavy has 
termed hematine issecreted. " This substance isprone 
to rapid transformation into sugar when in contact 
with complex nitrogenised animal materials ;"* and 
after death (the force or condition preventing sac- 
charine metamorphosis being lost) the transformation 
does take place. Now section of the splanchnic 
nerves induces an increased amount of sugar, and 
therefore an increased secretion of hematincf 
Stimulation of the vagi has precisely the same 
effect.J But section of the vagi arrests the secretion 
of hematine, seeing that no trace of sugar in the 
liver is found after death.§ 

It is thus that the innervation of the blood-vessels 
of all the abdominal organs may be effected, and the 
heart itself may regulate the general circulation by 
the dictates communicated to it by reflex action from 
the sensitive fibres of the pncumogastsic nerves, and 
which are responded to by the motor fibres, or by 
the fibres of the sympathetic proper. 

MM. Cyon and Ludwig have shown that it is 
through the splanchnics that these responses of the 
heart are communicated over the widest system of 
vessels in the body.|| 

The sensitive nerve by which the reflex action of 
the heart is originated is a separate nerve in 
rabbits, and may be demonstrated as such. It is 
formed by two roots — one from the trunk of 



• Dr. Pavy : Guy's Hospital Eeporta, vol. T.'p. 204. 

t Le9CHiB siir In Phyeiologie at la Patiologie, &a., Tome ii. p. 529. 

t Ibid., Esp. 21 Janyier, 1853, p. 144. 

5 Ibid., p. 435. 

II Ctmra Scioiitific[ueB, 1868, p. 421. 



the pneumogastric, the other from the superior 
laryngeal nerve. It descends by the side of the 
carotid artery and s^inpathetic nerve, and on enter- 
ing the thorax it communicates with branches from 
the first thoracic ganglion, and is eventually lost in 
the substance of the heart. 

If this nerve be divided in the neck, irritation 
commmiicated to the lower cut end produces no 
effect ; but if the upper or centripetal cut end be 
irritated, a very sensible effect is produced on the 
blood-pressure in the carotid arteries. 

liy such a system of innervation the heart appears 
to be capable of regulating its own action according 
to circumstances, by exerting a reflex action on tho 
important vaso-motor nerves of the general cir- 
culation. 

The sensiMity of the walls of tho heart being 
excited by too large a supply of blood, reflex action 
is set up, which dilates the capillaries, diminishes 
the blood pressure, and causes the blood to accumu- 
late in the periphery. If, on tho contrary, the 
internal sensibility of the heart be too feebly excited, 
the peripheric vessels contract, and blood is attracted 
to the heart. 

That ganglia exist in the substance of the heart 
itself was an a jorjori inference before Dr. Robert Lee 
demonstrated their existence ; but that any of these 
ganglia are specially inhibitory or specially ac- 
celerating is, to my mind, an absurdity to suppose. 
In the comparatively membranous hearts of fishes 
and of some reptiles such ganglia exist, and the 
microscope reveals both grey and white fibres as 
connected with them. Eacli ganglion, therefore, is 
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undoubtedly the centre of antagonistic nerve-fibres, 
and, consequently, of antagonistic actions. 

The facts which I hare thus strung together surely 
prove that in all cases, and in all organs, when the 
nerve-fibres of the sympathetic proper are in abey- 
ance, and the motor nerve-fibres of the vaso-motor 
nerves are unchecked, hypericmia of the capillaries 
is induced, and increased secretion the result j and 
vice versa when the motor fibres of the vaso-motor 
nerves are in abeyance, and the nerve-fibrca of 
Eemak are unrestrained, ansemia of the capillaries 
ia induced, and arrest of secretion the result. 

On such positive data all other sciences have been 
estabhshed ; but in medicine alone, as I have else- 
where shown, the human mind has been taxed to 
the utmost in constructing opinions, the conflicting 
nature of which has been but too often taken advan- 
tage of by the most dexterous charlatans ; and it is 
with a view to assist in removing such reproach that I 
will utilise the foregoing facta for the purpose of 
showing that most remedial agents which have been 
used without an adequate appreciation of their special 
mode of action, may be employed with a positive 
knowledge of the tissues on which they act, and of 
their mode of action. And I venture to hope that 
my observations will be found to agree with the 
widest experience, and that they will commend 
themselves to the most practical good sense. 




SECOND PART. 



SUGGESTIONa IN BUPPOKT OF A RATIONAL BT9TEH 

OF THERAPEUTICS. 

If it be true, as I have attempted to show, that 
every ganglionic centre of the sympathetic system 
of nerves has three distinct elements over and above 
the ganglionic cells, and that each element or nerve- 
fibre has its own special attributes, I will further 
endeavour to interpret, by the aid of the experi- 
ments and observations which I have adduced, the 
modus operandi of many medicinal agents, and to 
fomid upon the knowledge so acquired a rational 
system of therapeutics. 

Take, for instance, the fact shown by M. Claude 
Bernai'd, that section of the sympathetic proper 
induces increased vascularity and elevation of tem- 
perature in the parts to which those sympathetic 
nerves are supplied, together with the fact that 
there are certain medicines which have the faculty 
of diminishing vascularity and lowering tempera- 
ture, and we have at once some reason to suppose 
that the agents in question have the power either 
to subdue the force which is set free by the section 
of the sympathetic, or to increase the force which 
the sympathetic exercises aa a restraining or inhibi- 
tory agent. 

In some forms of inflammation — and inflamma- 
tion, in some form or other, lies at tlie root of most 
diseases — we have the pathological counterpart of 
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the result induced by section of tlie sympathetic — a 
state in which, owing to the loss of tho inhibitory 
influence of the nerye-fibrea of Ecmak, blood-cor- 
puscles penetrate into those minute arterioles through 
wliich blood-plasma only should be propelled. 

Now, in the spurred rj'e (ergota), we have an 
agent which produces the very opposite effect. By 
increasing the inhibitory influence of the nen-es of 
Remak, it diminishes the calibre of vessels, and not 
only shuts out blood-corpuscles from the capillaries, 
but also the blood-plasma itself, and so restrains 
many forms of hiemorrhage. M. Brown-S^quard 
aflirms that he has seen a manifest diminution in 
the calibre of blood-vessels in the pia mater of the 
spinal cord take place in dogs after they had 
swallowed large doses of ergota ; and in the convul- 
sive ergotism which occurred in Germany in 1770 
dry gangrene was a constant accompaniment. 

Counter-irritants have a similar eff'ect, but in a 
modified degree. M. Loven has ^own that by irri- 
tating the periphenc extremities of sensitive nerves, 
a reflex Influence is produced on the vaso-motor 
nerves, of an inhibitory character, effecting a dimi- 
nution of the calibre of vessels,* 

At a meeting of German naturalists and phy- 
sicians held at Innsbriick in 1869, Professor Heiden- 
hain, of Broslau, enunciated the fact, which he had 
observed from many experiments, that irritation of 
sensitive nerves produces a rapid diminution of the 
blood hcat.f He also noticed a sensible decrease in 
tlie calibre of vessels, and a less frequent pidse. 

■ Sritieh Medical Jouriia!, June 11th, 1S70, 
+ Ibid., Dec. 18th, I8e9. 



i 



43 

According to Profesaor Stilling, " there is a con- 
Btant reflex influence maintained by a sensitive 
nerve upon the blood-vessel nerves." An escitant 
applied to the extremities of a sensitive nerve 
induces an increased flow of blood ; but if the 
extremities of a sensitive nerve be destroyed or 
paralysed, a corresponding reflex action is induced 
on the motor fibres of the vaso-motor nerves, the 
ascendency is given to the inhibitory nerve-fibroB of 
Eemak, and a diminished flow of blood ensues. 

Sehifi" ascertained tho fact that if tho sldn be 
tickled or gently rubbed, the capillaries of the part 
BO excited dilate ; but if great force bo used in 
rubbing, or if the extremities of the sensitive nerves 
are greatly irritated, the capillaries do not dilate^ 
but firmly contract.* The strangury, for instance, 
which ia often occasioned by a blister applied to the 
loins, ia attended with a very scanty secretion. 

It has been objected to counter-irritants that no 
physiological explanation of their action can be 
given ; but M. Loven's demonstration of tho effect 
of irritation of the extremities of sensitive nerves 
appears to me a good and valid explanation. The 
observations which I have made on the so-called 
trophic nerves, and the influence they have on the 
vital attributes of parts, by increasing or diminish- 
ing the supply of blood, have a dii-ect bearing on 
this interesting subject. 

Just as the localized ganglionic centres of inner- 
vation have an independent action, and accelerate 
or retard the vascular function of any organ, so have 
we medicinal agents which localize their power on 

' "Year-book of Modicino and Surgery " for 1862, p. 19. 
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some special organ, and excite or restrain the func- 
tions of that organ, in a similar manner as does the 
section of the nerves of Remak, on the one hand, or 
the section of the motor fibres of the ganglionic 
centres, on the other. A delicate method of exem- 
plifying the above proposition in a general way is 
by introducing into the blood poisonous substances 
which exert then- action on special tissues, whilst, 
anatomically, those tissues maintain their integrity. 
Thus, wo may suspend the vital functions of differ- 
ent portions of the nervous system. Ansesthetics, 
for instance, put a stop to sensation, whilst they 
leave motion intact. On the other hand, curare 
and aconltlne suspend motion, whilst they leave 
sensation and volition intact. 

We know that opium and chloral exert their 
action on the brain; digitalis and aconite on the 
heart ; mercury and opium* on the liver ; turpen- 
tine and uva-ursi on the kidneys ; phosphorus and 
bromide of potassium on the organs of generation, 
etc. 

Some of these drugs undoubtedly act on other 
parts of the body than those with which I have 
associated them ; but for the purpose of suggesting a 
system of rational therapeutics I have ventured to 
refer to each as the type of a category in which 
others may be found to have a more exclusive, 
though perhaps less positive, action. 

I have purposely named them in pairs, because I 

wish to show that each one has an antagonistic 

action to that with which I have conjoined it : thus, 

• The ulterior or sedative influence of opium on the sensory nerves 
is here alluded to. 
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whilst opium stimulates the circulation, and pro- 
duces an excitement of the motor nerves which often 
supersedes its lij'pnotic influence, chloral restrains 
the hlood-curreiit by acting as a powerful sedative 
to the motor and sensory nervous centres, and so 
suspends the activity which opium sets up. Opium 
accelerates the pulse, raises the temperature of the 
skin, increases the secretions of saliva and sweat, 
injects the conjunctivie, and — according to Dr. J. 
Hajley — if these manifestations of vascular excite- 
ment are prolonged, as they may be by repeating 
the medicine, they end in dilatation of the capil- 
laries, general congestion, and imperfect oxidation 
of the blood ; whereas chloral is a powerful sedative 
to the nervous system. Instead of accelerating the 
pulse, it reduces its frequency ; instead of raising the 
temperature of the skin, it lowers it; and instead of 
increasing the secretion of saliva and sweat, it 
diminishes both. 

I will quote one instance out of many already 
recorded, and from a source which may be the more 
readily accepted, because no theory is sought to bo 
established in the description. In a case of puer- 
peral mania treated by Dr. Head in the London 
Hospital, two drachms of the hydrate of chloral were 

I given to the patient between 3 p.m. and 6 p.m., 
after which she slept twenty-four hours. Previous 
to the first dose her pulse was 120 ; her temperature 
102-4° ; and her respiration 30 ; after the chloral her 
pulse was 96 ; her temperature 99°, and her respira- 
tion 21 ; she complained, moreover, of great thirst. 
Now, in cases of congestion of the brain, where 
stupor but wakefiilncss are the characteristic symp- 
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toms, surely it is more consistent "with reason to 
give the chloral hydrate, or conium, than opium to 
procure sleep. I had a patient the subject of sun- 
stroke, which occurred in Cuba in the summer of 
1870. The gentleman came to England suffering 
from the effects in a state of mental hallucination, 
perfectly oblivious of having been to Cuba, feverish, 
and wakeful, and in a condition of constant restless- 
ness. After several days, during which aU the 
symptoms continued, two doses of chloral completely 
changed the whole aspect of the case. He fell into 
a state of almost constant sleep, i)ut on waking had 
glimmerings of consciousness and memory ; and, in 
short, somewhat to my surprise and that of Dr. 
Burrows, whose kind assistance I had, the patient 
eventually recovered. 

Chloral, by diminishing the activity of the motor 
element of the vaso-motor nerves, appears to ^ve 
the supremacy to the restraining or inhibitory 
fibres of Remak, and to diminish the calibre of 
vessels. The anaemic condition of the brain when 
under the iniluence of chloral may be demonstrated 
by the ophthalmoscope. 

In an able address, read by Professor Laycock 
before the British Medical Association at Newcastle 
in 1869, it was shown that " no change in the mind 
or consciousness can or does take place without a. 
coincident change in the brain ; " " that the poten- 
tial energy of the brain is the greatest of aU kinds 
of vital energy, and requires a larger supply of blood 
to maintain it;" *' that much more force as motion is 
used in mental than in bodily activity in the same 
time ;" in other words, the larger the supply of 
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blood the greater tlie energy of function. And in 
what diseases do we find the greatest amount of 
hyperferaia of the brain ? Why in cerebritis and 
mania, in which the physical results are precisely 
those induced artificially, by M. Claude Bernard, 
by section of the sympathetic in the neck, and, in a 
lesa degree, by opium. And what remedies have 
we which induce a directly opposite efiect on the 
cerebral circulation ? Chloral, as I have said, ia 
one ; and the results of the tentatives, in the way of 
drugs, by physicians whose attention ia directed to 
insanity exclusively, begin to show that on chloral 
will they mainly depend in that disease. Need I 
quote a better authority than that of Dr. Clouston, 
of Carlisle, who recommends to the Medico-Psycho- 
logical Association the use of chloral, to reduce the 
temperature, to loieer the pulse, and to induce sleep / 
whilst (says he) opium and cannabis have an oppo- 
site effect.* 

Conium, when taken in large doses, also acts as a 
sedative on the motor fibres of the vaso-motor 
nerves, and produces ansemia of the brain,t as do 
cicuta virosa, the aconitum napellus, and many of 
the Ranunculacere. 

On the other hand, if we are satisfied that a 
^^ sudden interruption of the nutritive supply of blood 
^K to the brain be the cause of an epileptic fit, as Kuss- 
^^B maul and Tenner have attempted to prove,J then it 
^H would appear that opium or medicines producing 

I 



I 



* Britieh tmd Fartign Medico-Chirurffical Review, October, 1870. 
t ■■ Old Vegetable Nenrotdcs " (Dr. J. Harley), p. 13. 
t £uaamaiil and Tenner on CouTulBioos, New Sydenham Bocietj', 
1859. 
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directly or indirectly analogoua residts, should be 
combined with that wliicli is known to prevent 
spasm of the glottis, on which the sudden arrest of 
blood to the brain may depend. I say directly or 
indirectly bocaose I am satisfied that I have often 
found the addition of digitalis, which stimulates the 
heart, and induces an efficient contraction of the 
ventricles, with bromide of potassium, which pre- 
vents spasm of the glottis, effective in suspending 
epilepsy, when the bromide of potassium alone has 
failed. The oxide of silver, I think, acts precisely 
in the same way. I should here remark, however, 
that the ophthalmoscope, when used for determining 
the condition of the fundus of the eye, under the 
influence of the bromide of potassium, indicates an 
increased vascularity of the optic disc and retina ten 
minutes after the administration of half-a-drachm of 
that drug, and shows an increasing congestion 
during the lapse of several hours; hence, it is 
inferred that the bromide of potassium tends to 
produce congestion of the brain.* 

M. Du-Bois Keymond attributes hemicrania to 
spasm of the muscular coats of the arterioles of the 
brain ; and Mollendorf recognises a form of anaemic 
hemicrania as resulting trom irritation of the sym- 
pathetic, causing contraction of the minute vessels 
of the brain. And what medicines do we give to 
relieve such form of headache ? Why, precisely 
those which impart an impetus to the cerebral circu- 
lation, aa section of the sympathetic does, — stimu- 
lants and opium, and we also enjoin the recumbent 

' " On the Aution of certain Neurotica on the Cerebral Circulation." 
By Patrick Niool, M.D., Physiciun to the Bradford Infirmary, and 
Isaac Mossop, L.B.C.P.E., of Edinburgh. 
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position, which has incidentally an influence in 
restoring a healthy blood current to the brain. 

On such theory M. Bornetwick explains the cura- 
tive action of ammonia and caffein, as stimulating 
the motor fibres of the vaso-motor nerves. And 
quinine, although it may stimulate the nerve-fibres 
of Remak, increases the blood-pressure, and sends 
an increased quantity of blood through the arterioles 
in a given time in such cases. MoUendorf also 
describes a form of congestive hemicrania, in which 
mild galvanism to tho sympathetic in the neck is an 
effective remedy. I suppose tho hydrate of chloral 
woidd be equally effective. 

We have seen that section of the nerves of Remak 
which supply the parotid and submaxillary glands, 
is productive of an increase both in the circulation 
and secretion of those organs. Stimulation of the 
motor fibres by the administration of mercury super- 
induces the same phenomena. The antagonistic 
result, occasioned by section of the motor fibres, or 
by stimulation of the sympathetic proper, which go 

I to these glands, is also induced by atropia. This 
latter alkaloid produces complete dryness of the 
tongue, roof of the mouth, and soft palate, extend- 
ing more or less down the pharynx and larynx, 
rendering the voice husky, and often inducing dry 
cough and difiJculty of deglutition, a parched state 
of the lips, and, occasionally, drjTioss of the mucous 
membranes of tho nose and eyes.* That atropia 
localises its action in this way on the salivary 
glands and on the mucous surfaces of the pharynx 
and larynx, the epithelial structure of which belongs 
to the category of glands, is proved by the occiir- 
* " Old Vegetable Neurotiiis,'' pp. 20:i, 4. 
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rence of the same phenomena when atropia is 
injected into the subcutaneous tissue in any part of 
the body. We have, therefore, medicinal agents 
which stimulate or restrain the functions of the 
salivary glands, just as section or stimulation of the 
different nerves stimulates or restrains them ; and I 
can imagine no other means of accounting for such 
medicinal action than its influence on the vaso- 
motor nerves. 

When M. Claude Bernard divided the thoracic 
portion of the gangliated cord in the horse, he 
found that increased vascularity of the lungs and 
pericardium, together with serous exudation, were 
the results. Lobelia and digitalis also induce in- 
creased vascularity; but when the sympathetic nerve 
fibres retain their integrity, it would be unreasonable 
to expect the blood-stasis which generally results 
from section of those fibres. Chloral, acetate of lead, 
and, according to Mr. Blake,* the injection of the 
salts of soda into the blood, causing contraction of 
the pulmonary arteries, have the contrary efiect. 

I have a patient, a lady aged forty, who has occa- 
sionally attacks of asthma. Sometimes it assumes 
the dry form, when she is generally relieved by 
smoking stramonium until expectoration occurs. 
Sometimes the disease appears as humoral asthma of 
the old authors, when chloral relieves her quickly. 
She has once or twice taken chloral in the dry 
catarrhal attacks, and on each occasion — to use her 
own expression — has felt as though a tiger had hold 
of her throat. In the humoral form, if she smokes, 
the breathing is not relieved, but congestive head- 
ache follows for a day or two. 

* Edinburgh Medical imd fhtrgkal Journal, vol. Ut. pp. 341-346. 
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In bronchitis, with emphysema, where, in conse- 
quence of profuse secretion and impaired aeration of 
blood the nights aro sleepless, chloral diminishes 
secretion, produces sleep, and promotes recovery ; 
whilst opium will have the contrary effect. Cases 
illustrative of these facta are reported by Dr. 
Waters, of Livei-pool.* Counter-irritation, on the prin- 
ciple I have quoted, as enunciated by MM. Loven 
and Hidenhain, has also a beneficial effect in humoral 
asthma ; and Mr. Gaskoin has reported a case in 
point in the British MedicaUournal (Match 30, 1872). 

According to Scliiff, Rosenthal, and others, very 
feeble electric excitement of the vagus, below the 
inferior cervical ganglion, increases the force and 
frequency of the heart's action, probably by acting 
on the special cardiac accelerator nerve, which, as 
M. Cyon has shown, emerges from the spinal cord 
with the third branch of tlie inferior cervical gan- 
glion; more violent excitement exhausts the irrita- 
bility of the vagus, and stops the action of the heart. 

Small and repeated doses of digitalis also increase 
the force and frequency of the heart's action. It 
may be objected that the physiological action of 
digitalis on the heart presents certain anomalies ; and 
that some authors have ascribed to it an enervating 
influence, although others regard it as essentially 
stimulating. Dr. Sanders, of Edinburgh, was one 
of the first to affii-m that, in small doses, digitalis 
occasions an increased action of the heart and febrile 
symptoms generally. Orfila endorsed that opinion, 
and Professor Christison has added the weight of his 
testimony to the same. In point of fact, it is now 
generally admitted that digitalis acts as a stimulus 
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to the heart ; producing, whore deficient power, ' 
irregTilar action, and dyspnoea exist, a more complete 
ventricular contraction, a firmer and more regular 
pulse, and relief from impeded respiration.* During 
the stimulating influence, secretion is increased, by 
virtue of tlie law which I have quoted, as dependent 
on the distribution of the ganglionic centres of the 
sympathetic system to every important organ. 
Where it is an object to enlarge the capillaries, and 
diminish the blood-pressure within them — and I 
have alluded to some cases of epUepsy as examples, 
— ^it seems but reasonable to give digitalis. 

Excitation of the sympathetic trunk alone in the 
neck (and it may be done in rabbits, in which the 
vagus and sympathetic run separately) always causes 
increased blood-pressure, a lowering of tempera- 
ture, but no alteration in the frequency of the cardiac 
beats ;f and such are the cficcts of aconite. Dr. 
Wilks has given it in active inflammatory diseases, 
in acute rheumatism associated with endocarditis, 
and with satisfactory results. It appears to con- 
tract the arterioles, to prevent the accumulation of 
blood-corpuscles and their filtration through the 
capUlary walla, to lower the temperature, and to 
abate the symptoms of fever generally. In short it 
stimulates the dormant activity of the fibres of 
Remak, and by so doing diminishes the calibre of 

• Oases illustratiTB of such influence are given by Dr. B. D. Taylor, 
of the Bellevue Hospital, New York, in the New York Medical 
Journal for Nov., Ifi/O ; and Dr. Milner Fothergill, in the Hastings 
Prize Essay for 1B70, has shown that digitalis is a member of o, group 
of agents poBaeasing sucli qualities. See alao tlie British and Foreign. 
Med.-Chir. Review, JiJy, 1871 : " Digitalis and Heart DiseaBeB;" by 
Balthazni W. Foster, M.D., Professor of Medicine in Queen's Colleg^. 
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the arteriolea. It ia an interesting fact also that 
this drug appears to possess some of the attributes 
of a counter-irritant, for when chewed it produces 
intense tingling' of the lips and tongue, and instances 
have occurred in which the leaves have blistered 
the akin. Dr. Fothcrgill has shown how that digitalis 
and aconite produce opposite action.* 

I have described how the peculiar innervation of 
the heart renders that organ capable of regulating its 
own action, by exerting a reflex action on the wide- 
spread vaso-motor nerves of the general circulation. 

Fever presents us with a pathological instance of 
the independent condition of the organs of circula- 
tion. With a contracted pupil there is a rise of tem- 
perature, the walls of the heart are pretematurally 
excited, the balance of function is suspended, the 
motor fibres of the vaso-raotor nerves obtain the 
supremacy, and it is precisely those medicines 
which depress their function, or which stimulate the 
fibres of Remak, which are found to bo most 
effectual as remedial agents. The alkaloid of vera- 
trum, extolled as a remedy in fever by Trousseau 
and Aran in France, and hy Vocher in Germany, 
lias been carefully studied by Dr. Horatio Wood, of 
Philadelphia, who has determined that it exerts no 
direct influence on the brain ; but that it depresses 
the functions of the spinal cord and heart, diminishes 
sensibility, restrains the action of the vaso-motor 
nerves, renders the respiration slower, and reduces 
the temperature of the body.f 

But whilst its effect in lowering the temperature 
is conspicuous, the gastric and cardiac symptoms 

" Hastiaga PrizB Essay, 1870. 
Amoricau JoutehI oftledical Sciences, Junuary, 1870. 
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which it evokes are sometimes so serious that we 
should give it with much circimispection, until we 
have data for predicating the class of cases in which 
these untoward effects ai'o apt to be induced. 

Aconitine and curarino have also the faculty of 
destroying the motor power of nerves, manifestly 
rendering those nerves incapable of conveying im- 
pression to the muscles ; for the muscles themselves 
do not lose their contractility.* 

We have the testimony of Dr. J. Harley that 
belladonna localises its action on tho sympathetic 
nerves ; that in moderate doses it induces a tonic 
and sHghtly contracted condition of the whole of 
the circulatory tubes, accompanied by increased 
force and frequency of the heart's action. " The 
blood," says he, "is equally distributed, and the 
circulation in any given part is so tiffht and rapid 
that it really contaioa a little less blood than when 
in a quiescent state, and the tissue is consequently 
a Httle paler. But the quantity which passes 
through it in a given time is generally incrcased."f 
After the use of moderate doses these effects are 
maintained throughout. Hence it suggests itself as 
a remedy in fever, and the more so as, being 
eliminated by the kidneys, it increases the secretion 
of urine. According to Dr. Memiot^ it also in- 
creases the secretion of bile, and predisposes to 
perspiration.J Mr. Christopher Heath, who has 
found it useful in fever, states that it reduces vas- 
cidarity by diminishing the calibre of small i 



' MM. Qrehaut and DuqTieanol, Comptea Eendue 73, p, 209. 
t Dr. J. Harley ; The Old Vegetable Neurotica, 
t Dr. Meuriol; De la Methode FLyeiolggique a I'Btude de la 
Belladoima. 
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We have seen how it exercises a direct action on 
the salivary glands. 

Quinine, beheria, and other antipyretic tonics 
appear to stimulate the nerves of Reniak somewhat 
in the same manner. If it be true, as M. Binz has 
affirmed, that quinine prevents the formation of 
white corpuscules In the blood, which are never 
destined to arrive at the stage of red corjjuscules — a 
process involving waste of force, accompanied with 
much deleterious heat ; the increased blood pressure 
in the contracted arterioles may restrain the meta- 
morpliosis of the blood globules, as supposed by 
M. Binz. The observations of Drs. Nicol and Mossop 
confirm the assumption that quinine diminishes the 
caHbre of the arterioles. 

Chloral, also, as a sedative to the sensory and 
motor nerves, re-acts on the vaso-motor nerves, 
lowers the temperature of the body, diminishes 
perspiration, and relieves the symptoms of fever 
generally, except that, like atropia, it does not allay 
tliirst;* and that is perfectly consistent with its 
action generally of diminishing secretion. May not 
the apparent discrepancy in the fact that atropia in- 
creases abdominal secretion whilst chloral diminishes 
it, yet that both are beneficial in fever, be explained 
by the stimulating influence of atropia on the fibres 
of Rcmak and by the sedative action of chloral on 
the motor fibres of the vaso-motor nerves ? If so, 
we have remedies for fever generally, yet calculated 
to meet contrary exigencies in the com'se of that 
disease. It has been said that chloral was used in 
some of the French ambulances during the late war 
aa a remedy against pysemia, and this faculty, I 
apprehend, can depend only on the fact that, by 
' Bulletin 06ii6ral de Therapeutiq.mi, No'ift-Eiiet ^•OB.,\^iia. 
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deadening the influence of the motor fibres of 1 
vaso-motor nerves, it virtually puts the fibres of 
Reniak in a condition to occlude the minute vessels. 

A volume might be written on the correlation of 
nerve and medicinal action upon the minute vessels 
of the stomach, and on the function of that organ 
generally ; but the special influence of each does not 
appear to me to admit of the proof which I conceive 
to be adducible in relation to more exclusively 
glandular structures, because tho evidence upon 
which any satisiactory inferences can be founded is 
no conflicting that I will not attempt to force the 
sway of fancy into the throne of truth. When men 
like Bernard, KolHier, and Heidenliain, maintain one 
view respecting the influence of the pneumo-gastric 
and splanchnic nerves on the stomach, and Bidder, 
Vulpian, and Naaae entertained the very opposite, I 
may be excused from speculating on cither side, 

My conviction, however, is that the very same 
operation of medicinal agents on the respective 
fibres on the vaso-motor nerves which is localised, 
more or less, in other organs, obtains also in the 
stomach. Thus tartar emetic, taken into the 
stomachj injected into the veins, or even when 
rubbed Into tho palms of the hands,* produces 
redness and turgidity of the whole mucous surfaco 
of the stomach and intestines, and increased secre- 
tion precisely as does section of the splanchnic 
nerves or stimulation of the vagi, as performed by 
Bernard (see page 19) ; whereas lead, hydrocyanic 
acid, chloral, and opium, produce the same efiect 
as does division of the vagi. 

* Mem. of the London Medical Society, vol. ii. p. 386. 
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The influence possessed by the ganglionic nerve- 
centres ou the chemical phenomena of life, can be 
siiuulated, increased, or diminished by special 
medicines. The increased supply of hematine in 
the cells of the liver, as caused by section of the 
sympathetic nervo-fibres, or by stimulating the 
pneumo-gastric nerves, may also be induced by 
mercury and iodine, and the very opposite effect 
attends the secondary action of opium, as I will 
presently explain. 

And here I would adduce the liver to prove that 
something more tlian mere vascular fulness is 
necessary for the functional action of a secreting 
tissue ; for such dilatation of vessels may, and often 
does, occur without a corresponding secretion of 
bUe. By the suspension of the reflex influence of 
the sensory nerve-fibres, active hyperaemia of the 
hepatic artery may lead to hypertropliy of the organ, 
or hyperfemia of the portal veins may result in 
structural degeneration, without an increased out- 
pouring of bile at any time. 

Arguing on the experiments of Dr. Pavy and 
M. Claude Bernard (page 38), Dra, Devorgie and 
Foville supposed that after section of the vagi the 
glycogenic function of the liver was paralyzed; that 
in diabetes they saw a vicarious function performed 
by the kidneys, and that by awakening the vaso- 
motor fi.laments of the sympathetic, and restoring 
the capillary circulation in the liver, diabetes shoidd 
cease in many cases. Arsenic was employed to 
fulfil this purpose, and it succeeded. By parity of 
reasoning they explained the action of arsenic in 
intermittents. When taken in thei'apentic doses it 
produces a rosy colour in the face, and increases 
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the secretions generally, by which means It elimi- 
natea itself from the system.* 

The very term erythema mercuriale is something 
like testimony that mercury acta on the sensitive 
nerves ; and the more manifest physiological action 
of tliat drug is to produce a dilatation of the 
capillaries in a great number of important organs, 
and on a large extent of mucous surfaces. Orfila 
and Cliristison agree that in all cases of poisoning 
by mercury, when the first result is not chemical 
decomposition or coiTOsion of tissues, the leading 
symptoms are those of inflammation of the mouth, 
throat, and alimentary canal — salivation and 
mercurial erethism in one or more of its multiiarioua 
forms ; bloody vomiting and purging, in conformity 
with Cohnheim's and Strieker's views of the per- 
meability of the vascular walls by the blood-cor- 
puscles.f 

The influence of the splanchnic nerves and their 
gangUonic centres is distributed over a very wide 
area of the vascular system. Dr. Schmidt, of Rotter- 
dam, associates Addison's disease with a morbid 
condition of the abdominal sympathetic ; and there 
is groat reason for the suggestion, seeing that the 
general anEemia, the palpitating heart, the soft and 
jerky pulse, and the feeling of faintness and breath- 
lessness on attempting any exertion, are all indica- 
tions of heart and vascular disturbance, with which 
Dr. Addison, assisted by Mr. Quokett, did find 
disease of the semilunar ganglion in one case of 

' See XI. Blachez, Gazette Hebdomadaire de MSdecine et de 
Chirurgie, 1871. 
t Ueber Bntaundimg und eiterung. Vircliow'a Aichiv, 1367, 
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leucocythEemia.* Professor Tigri, of Sienna, has 
also reported a case of hsemorrhage into the ganglia 
of the great sympatlietic in which tliere wau a 
bronzed skiu and every other symptom of Addison's 
disease.! 

The wide distribution of the influence of the 
splanchnics, as vaso-motor nerves, has its counter- 
part in the wide extent of the action of mercury and 
of iodine. Iodine, like mercury, produces dilatation 
of the capillaries generally, an exalted temperature, 
increased secretion, abundant meuBtrual discharge, 
priapism, and every indication of an excited circu- 
lation. The post-mortem appearances confirm those 
indications. J 

In gangrena senilis, every phase is an illustration 
of these views. We know that it may be produced 
by ergotine, and by the deatmction of a compound 
apinal nerve. When it occurs spontaneously, every 
symptom may be intei-preted by this theory of the 
Taso-motor nerves ; from the first paroxysm of pain, 
which is followed by coldness of the part afiected, 
through the consecutive stages of discolouration, 
loss of circulation, discharge, and mortification. 
Whilst writing these linos I am attending a case, 
and every impulse I have been able to give to the 
general circulation by stimulating the nerves of 
Bensation and motion, the progress of the disease 
has been obviously retarded. Opium, iodine, and 
ammonia — all stimulants to the motor nerves — have 
given to the patient an almost superhuman power 

* Addison's Works, published by tbe New Sydenham Society, 
I vol. ixxvi. p. 213. 

t JouniB] de Medecine de Chirurgio et de ITiarmacologie. 
( Broselles: November, 1870. 

I Dr. Jahn, Archiv ftu: Medic Lmache ErfiihruDg. 1829, p. 342. 
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of resisting tho disease ; but no sooner was chloral 
given to induce sleep than every vestige of circula- 
tion was arrested ; absolute mortification of tho foot 
and leg set in, and ergotinc very quickly induced 
the drying process. 

In the catalogue of remedial agents, it is no un- 
common thing to find some one which acts differ- 
ently at different periods of time, or as the dose 
difibrs. Opium is one of these ; its primary opera- 
tion being that of a stimulant to the motor fibres of 
the vaso-motor nerves ; but, ulteriorly, it is a sedative 
to both sensory and motor fibres ; and thus it acts 
on those fibres of the hepatic plexus which, on enter- 
ing the transverse fissure of the liver, are distri- 
buted, right and left, over the coats of the hepatic 
artery and portal veins. It has, therefore, an effect 
diametrically opposite to that of mercury. But I 
can well understand how calomel and opium may 
be combined to produce the incitive influence of the 
one with the calming effect of the other, so as to 
turn the balance of function on tlie side of the fibre 
of Romak, the attribute of which I have assumed to 
be to regulate the stream of blood which is con- 
veyed by the arterioles into the cell ten-itory for 
healthy secretion and nutrition. 

This tranquillising influence is possessed by 
conium, and, especially so, by the bromide of 
potassium. 

Mercury influences the vaso-motor nerves of tho 
intestines, precisely as it does those of the liver. 
By stimulating the motor fibres, a preternatural 
secretion firora the glandular and epithelia struc- 
tures is induced, just as it is by the section of the 
coeliac and mesenteric plexuses, as performed by 



I 



61 ■ 

Eudge on rabbits. Opium has an antagonistic 
action, as have also hydrocyanic acid, cannabis, 
and many astringents. 

The modus operandi of diuretics generally is so 
different that we should have a clear apprehension 
as to what we propose to accomplish by their agency 
before we can expect to use them with success. 

The term diuretic must be accorded to every 
therapeutic agent which increases the excretion of 
either the aqueous or the saline components of the 
urine ; and when we uso one of those agents it 
behoves ua to consider which of the components it 
may be desirable to eliminate in greater quantity, 
and by what means to do it. In other words, on 
which of the three forms of nerve fibres do we pro- 
pose acting. 

Do we desire to increase the fluid portion only, 
either with the intent of carrying off from the 
system a quantity of water, or of flushing the 
tubuli uriniferi ? Then those agents which stimu- 
late the motor fibres of the vaso-motor nerves, and 
set up hyperemia round about the Malpighian tufts, 
should be employed. Coffee, the action of which 
has been explained by M. Bornetwick, in hemi- 
crania, scoparium, taraxacum, juniper, buchu, 
senega, and a host of others, bitters for instance, 
which we are in the habit of prescribing either in 
cases of general debility, attended with serous 
efiiisions, or when excess of the eahne components 
of the urine induces irritability of the bladder. 

Do we desire to increase tho excretion of the 
components of the urine generally by exciting the 
whole secretory apparatus of tho kidneys ? Then 
should we depend on squill, colchicuni, potas-K., 
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turpentine, cantharides, mercury, iodine, araenlcj 
agents whicli stimiJate the sensory nerve-fibres of the 
vaso-motor nerves, and thereby exalt the vital sense 
of tlie epithelial cells and of the organs generally. 

On the other hand, if wo desire to diminish the 
secretion of urine, wo should either stimulate the 
restraining nerve fibres of Remak by belladonna, 
uva-nrsi, ergota, etc., or subdue the relative power 
of the motor fibres, by coninm, chloral, tobacco, 
bromide of potassium, etc. , which are nervine 
sedatives to the sensory nerve fibres of the vaso- 
motor nerves. 

Experiments on the nerves we must take with 
some degree of circumspection, because it has been 
found tliat certain lesions of the medulla oblongata, 
or section of the vagus or pneumogastric, may be 
productive of diabetes ; but if diabetes be regarded 
as the result of disturbance of the functions of the 
brain and nervous system, or as cause rather than 
effect of kidney disease, for which wc have high 
authority,* then may we reason on the correlation 
of nerve and medicinal action. 

In nephritis we have the pathological counterpart 
of the experiment by Eckhardt (p. 20), except that 
the urine is scanty ; but that may depend on the 
disease affecting the capillaries of the tubili uriniferi 
chiefly, and not on the Malpighian capillary system. 

Turpentine and cantharides produce the same 
effects, even to the sympathetic vomiting, and pain 
in the testicle, thigh, and leg, by the specific irrita- 
tion extending to the solar and spermatic plexuses. 
Belladonna, aconite, and uva-ursi, either by stimu- 

• Neubaner and Vogel on the Urine; tranalated for the New 
Sydenham Society, by Dr. W. 0. Markhem, p. 32. 
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Remak, or by 
duing the force of the sensory and motor fibres of 
the renal plexus, have the very opposite influence. 
I do not of course pretend to say that these drugs 
should bo depended upon exclusively in nephritis, 
and that general or local doplctiou should be dis- 
regarded as a means of relieving the congestive 
turgor of the renal capillaries. My great object is 
to illustrate the propoaition with which I started, 
namely, that as each element or nerve-fibre in the 
ganglionic centre has its special attribute, either of 
dilating or contracting the capillary vessels, so have 
we medicinal agents which either stimulate the motor 
nerve-fibres of the vaso-motor nerves, and dilate the 
capillaries, or which act as sedatives on the motor 
and sensory nerve-fibres of the vaso-motor nerves, 
or give ascendency to the nerve-fibres of Remak, 
and contract the capillaries. 

If it be so, wG have an explanation why tfie salts 
of potash, which have been prescribed empirically 
in nephritis, do more harm than good ; for they 
enter into the category of such medicines as juniper, 
buchu, colchium, and squills, which stimulate the 
motor fibres of the renal plexus, and increase the 
secretion of the salts which characterise the urine. 
We may also understand how it is that, in thus 
acting as diuretics, they do not necessarily induce 
diuresis. The additional stimulus which digitalis 
gives to the general circxdation by its action on the 
heart may, I suppose, aS'ect the capillary system of 
the Malpighian bodies, and so flush the tubuli urini- 
feri and wash out the secretion of their epitlielial 
Hence the great advantage of digitalis In 
nephritis ; for just in proportion to the outpouring 
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of fluid from the Malpighian capillary system, tho 
turgcscence of the tubular capillary eystem is 
diminislied. Digitalis has been regarded nlmoat as 
a specific by the Germans especially, and by Foville 
in France, in those cases of maniacal disease in 
which there is disproportionod strength in the 
carotid and temporal arteries, together with high- 
coloured and scanty urine, 

In the straight tubuli uriniferi, which serve as 
conduits to the pelvis of the kidney, and in the 
ureters and bladder, we find the lamclliform epithe- 
lial cells which secrete mucus ; and in most cases of 
preternatural mucous secretion from tliese parts, 
unconnected with mechanical causes, I can vouch 
for the beneficial action of ergota and bromide of 
potassium. In many forms of leucorrhcea, also, a 
combination of these drugs is very effective, when 
minerals, acids, and astringent injections fail. 

These last remedial agents are nervine sedatives 
to the cerebro-spinal system, and consequently to 
the sensory and motor fibres of the vaso-motor 
nerves. As such, they lower the pulse, diminish 
the temperature of the body, and act as anaphro- 
disiacs on the organs of generation ; whereas phos- 
phorus, by exercising an antagonistic influence, is a 
powerful aphrodisiac. I need scarcely insist upon 
the inseparable association of this attribute, with an 
increased vascidarity of the parts concerned. 

From the facts which I have adduced, it may, I 
think, be inferred, and with moral certainty, that 
there is an invariable correspondence between 
functional activity and circulation ; furthermore— 
and I have the authority of Schiff in asserting it — 
that the dilatation of the arterioles is neither the« 



65 



' result of reaction after previous contraction, nor the 
mere result of an afflux of blood to an irritated 
part ; nor is it independent of nervous action, but 
that it occurs under the influence of eenaory and 
motor nerves.* 

It can scarcely be objected to the proposition 
with which I started, that I have not adduced suf- 
ficient evidence to prove that vascular contraction 

I is alao the result of nervous influence ; and it is 
impossible that one nerve, or one form of nerve, 
can perform the double office of dilating and con- 
tracting the calibre of vessels. 

Seeing, therefore, that most pathological condi- 
tions arc but modifications of physiological actions, 
and the effects of derangement of the operations of 
the vaso-motor nerves, on which the healthy func- 
tions of aU organs depend, it appears to me that on 
the knowledge and due appreciation of such aids, 
we may foiuid a rational and scientific system of 
therapeutics. 

In these suggestions I do not, of course, include 
those remedial agents which act mechanically or 
chemically, but those only which have an influence 
on the vaso-motor nerves, and the great majority of 
medicines with which we are acquainted, will fall 

I into the category of these latter. 
There is every reason to believe also that they 
may be grouped in accordance with some natxiral 
principle, just as plants which belong to the same 
natural order possess similar characteristic proper- 
ties, physiological and therapeutical. 
Numerous instances could be given of this, and 
an interesting one is recorded by M. Narayan D^ji, 
* OoBiptea Eendiia, vol. It. Septembot 2ffth, 1862, 
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of Bombay, with whom Simaruba was a favourite 
medicine, but, tor the want of it, he anticipated 
fitmilar results from the Ailantua Excelsa (a tree 
belonging to the natural order Simarubacew), the 
stomachic properties of which more than realised 
liis expectation.* 

An attempt has been made by Dr. Broadbent to 
form chemico-therapeutical groups, and to show 
that "substances closely allied chemically, must 
have an analogous action on the system, or that the 
diversity of theii' operation should be capable of 
explanation on chemical principles." In other 
words, that " chemicfel gi'oups ought to form thera- 
peutical groups."! 

I have purposely abstained from alluding to alco- 
hol as a remedial agent in inflammation, because of 
the conflicting opinions which have resulted irom 
its employment. But if, by acting chemically on 
the tissues generally, it restrains the metamorphosis 
of the blood-corpuscles from rapid degeneration; 
or, by inducing an increased blood pressure, it pre- 
vents the fonnation of an undue amount of white 
coi-puscles in the blood, which, as we have seen, 
involves a waste of force, accompanied with mor- 
bific heat ; or, by rendering the walls of capiUariea 
less permeable to the blood plasma, it restrains the 
albumen in the blood, which it is the nature of many 
diseases to cause to escape, and most of these attri- 
butes it has been said to possess ; then, I think, the 
diffusible action of alcohol as a stimulant to the 
body generally, acting probably on the motor-fibres 
of the vaso-motor nerves, equalising the circulation, 

• British and Foreign Medko-Chirurgkal Journal, Apri!, 1871 , p. fi20. 
t Prgceedinga of Uie Eoyal Medical and Ohirnrgicftl Society, 1868, 
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and re-establishing the balance of function, which 
it 19 the nature of disease to disturb, must commend 
itself — in medicinal doses — to oiir reason, as it is said 
to have shown itself beneficial in practice. 

In the treatise by Drs. Nicol and Mosaop, to which 
I have referred, the ophthalmoscope showed the same 
result in all the cases after alcohol had been adminis- 
tered, namely, congestion of the optic disc, with 
the appearanco of small vessels, not visible before, 
and congestion of the choroid and retina. On one 
occasion, a dose of two ounces of brandy was given 
forty-five minutes after giving a drachm of chloral, 
and the effect of the spirit in counteracting the 
amemic condition brought about by the chloral, 
was exceedingly manifest. These observations would 
appear to endorse the opinion of Dr. L. Gros, that in 
pneumonia, and broncho-pneumonia of an adjmamic 
character, alcohol diminishes delirium, induces sleep, 
lowers the pulse, and improves respiration- 
It may be asked if the foregoing observations are 
likely to lead to an improved system of therapeutics ? 
To which I would reply that were it only for the 
substitution of reason in the place of empiricism, 
even if practice remained unchanged, the gain 
would be great. If my theory bo true, we may 
employ therapeutical agents with a more precise 
knowledge of their action, and therefore more 
effectively than formerly, although, in many cases, 
we may administer them to fulfil the same indi- 
cations which simple observation has taught us 
they have the property of fulfilling. 

Of this latter source of knowledge it was once 
id, that " if reason tauglit differently from ex- 
perience, it was injurious ; but if the same, it was 



Hupei-fluoue." And yet the experience of centuries 
has not advanced the doctrine of therapeutics so 
far as to supply a satisfactory explanation of the 
modus operandi of any one remedial agent. I there- 
fore venture to reason on the observations resulting 
from suclx experiments as I have recorded in this 
essay, and to maintain that they are sufficiently 
striking to justliy the assumption that our system 
of therapeutics may be founded on a rational and 
scientific basis. 

Evidence of facts is necessarily demanded in the 
satisfactory investigation of questions such as I 
have set forth, which are essentially questions of 
physical phenomena ; and I appeal to the principle 
on vrhich all knowledge is acquired, the credibility 
of the alleged facts, and the value of the testimony 
of those who have observed them, in justification 
of the conclusions which I have drawn from them. 

Intrinsically the propositions have probability 
on their side ; for if it can be shown that sections 
of different elements of the sympathetic ganglia 
afiect the functions of organs differently, by in- 
creasing or diminishing their actions, and that we 
possess medicinal agents which produce analogous 
effects, the inevitable inference is that in all such 
remedies we possess just so many equivalents of 
what is virtually nerve force. 

The instances I have given may seem insufficient 
as a basis for such an important generalisation ; but 
I have tested my opinions in practice for many 
years, and have no reason to be dissatisfied with tlie 
result. 
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